Macrophage colony-stimulating factor induces vascular endothelial growth factor production in skeletal muscle and promotes tumor angiogenesis.
Although M-CSF has been used for myelosuppression due to chemotherapy in patients with solid tumors, the effect of exogenous M-CSF on tumor angiogenesis has not been studied. In this study we showed that M-CSF has the ability to accelerate solid tumor growth by enhancing angiogenesis with a novel mechanism. M-CSF accelerated intratumoral vessel density in tumors inoculated into mice, although it did not accelerate the proliferation of malignant cells and cultured endothelial cells in vitro. In both the absence and the presence of tumors, M-CSF significantly increased the circulating cells that displayed phenotypic characteristics of endothelial progenitor cells in mice. Moreover, M-CSF treatment induced the systemic elevation of vascular endothelial growth factor (VEGF). VEGFR-2 kinase inhibitor significantly impaired the effect of M-CSF on tumor growth. In vivo, M-CSF increased VEGF mRNA expression in skeletal muscles. Even after treatment with carageenan and anti-CD11b mAb in mice, M-CSF increased VEGF production in skeletal muscles, suggesting that systemic VEGF elevation was attributed to skeletal muscle VEGF production. In vitro, M-CSF increased VEGF production and activated the Akt signaling pathway in C2C12 myotubes. These results suggest that M-CSF promotes tumor growth by increasing endothelial progenitor cells and activating angiogenesis, and the effects of M-CSF are largely based on the induction of systemic VEGF from skeletal muscles.